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The World Health Organization (WHO) and the United Nations Environmental Program estimate that one to five million cases of pesticide poisoning occur among agricultural workers each year with about 20 000 fatalities (1), the majority occurring in developing countries (2, 3) . The true incidence of poisoning is likely to be considerably higher. since the estimate is based on self-reported cases (4) or on inference from vital statistics (5) . In Indonesia, 265 different pesticides are registered (6) , 44% of their active ingredients being in categories IA/IB/lI (extremely, highly, and moderately hazardous, respectively) of the WHO hazard grades (7) . In 1986, President Soeharto instructed that 28 broad-spectrum pesticides in 57 formulations be banned from use on rice because a pesticide-induced resurgence of brown planthopper threatened Indonesia's rice production (8, 9) . Nearly 90% of the banned pesticides fall into categories IA/IB/II of the WHO hazard grades. The instruction also mandated that integrated pest management (IPM) become national policy for crop and plant protection.
The Indonesian National IPM Program has been widely recognized for its experiential "IPM farmer field school," where farmers become expert at analyzing the ecology of their fields and making sound field-management decisions. Over 200 000 IPM-trained farmers now better understand the relationships between soil, plant, pest, and predator (9) . Evaluations show that IPM-trained farmers use significantly less pesticide and fewer highly toxic pesticides, but still achieve equal or higher yields and capture greater profits than before (10) . Because enforcement is incomplete and the banned pesticides are still legal for vegetable crops, the majority of Indonesia's 15 million farm households still have access to and use the banned pesticides, with continued risk to health. Another potential benefit of IPM, therefore, would be to reduce that risk, but, before one can speak knowledgeably about the risk in Indonesia, it seems important to demonstrate both to farmers and to policy makers the relationship between spray practices and ill health beyond retrospective reports and anecdotes.
Prospective epidemiologic studies linking illness and exposure are, however, difficult to carry out under field conditions (11) . A recent large epidemiologic study in the United States still relied on retrospective and anecdotal information, and, while farmers had statistically lower erythrocyte cholinesterase levels, only a minimal association was shown with morbidity (12) . The IPM Program in Indonesia is experienced in doing survey research, training interviewers, working with farmers in their fields, and handling the logistics of field operations, data management and analyses. We decided-therefore, on an alternative approach, that is, to observe and document farmers' spray practices in detail as they occurred, assess the immediate effects on their health, and establish the relationship between spray practices and health.
Subjects and Methods

Basic design and sample size
This was a prospective cohort study with a purposive sampling frame. We studied farmers who farm both rice and vegetable crops on the same soil but in different seasons. Such persons have an approximate eight-week period during which farm work continues between the final spraying of the rice crop and the first spraying of the vegetable crop. Thus the frequencies of signs and symptoms in a prolonged no-spray period could be compared with frequencies during active spraying by the same persons. From the results of pilot studies, we estimated that the attack rates of signs and symptoms were about 15% in association with pesticide exposure, compared with background rates of about 5% in the absence of exposure. To detect this difference on one pair of interviews with a level of significance of 0.1 % and a power of 80% (one-sided test) would require 213 persons per group (13). (The higher confidence level was considered necessary because multiple comparisons would be made of the attack rates.) A second consideration for sample size was the need to observe a sufficient number of individual spray operations so that individual exposure components could be reliably assessed against the relative risk of signs and symptoms: a sample of 407 spray operations is needed in each group to detect a relative risk of 2.0 (two-sided test, level of significance 0.1 %, power 90%) (14) .
Study site and respondents
The study took place in three villages of the regal and Brebes districts, Central Java, 320 km east of Jakarta. Censuses were conducted revealing a total farmer population of 5025. The following four criteria were applied for the recruitment of farmers: the farmer sprayed his or her own crops, planted rice in December-January, planted a shallot crop in March-May, and had fields that were no further than 5 km from home. Six hundred and twenty-five farmers met these criteria. On the basis of samplesize calculations and practical considerations, we recruited 204 farmers (203 men, 1 woman) and an additional 24 men who were professional sprayers. The latter held little or no land of their own. The average age of the respondents was 38.4 (SD 11.4) years. The average number of weekly scheduled interviews (6.1, SD 2.0) per respondent was identical between the spray and nonspray seasons, and only 6% of the subjects dropped out of the study. Altogether 906 weekly observations were conducted in the spray season (84% of those scheduled), with 894 matched correctly to interviews on signs and symptoms at the same time. A second no-spray period, one year after the first, was also studied.
Interviewers and field management
Nineteen interviewers were recruited from a large pool of applicants. All were young men, local residents, and high school graduates, fluent in the local dialect. Twelve were themselves farmers. They were intensively trained in interview, observation and recording techniques. A monitoring team of four university graduates with experience in agriculture and extension-training supervised the interviewers. Each interviewer was responsible for 12 farmers, scheduling to observe spray operations of two farmers per day each week in adjacent fields. The monitors accompanied each interviewer once a week on a rotating basis to maintain the quality of the observations and interviews. They filled out parallel observation forms, and comparisons were made later. Approximately 8% of all interviews were validated this way. The monitors checked all forms daily for completeness. No differences in the quality of data were found between the farmer and nonfarmer interviewers. A secretariat was established in the town of regal to provide logistic and administrative support. A data-entry team carried out form control; coding and data entry were run twice by different persons. Desktop computers used Epi Info Version 5 (Centers for Disease Control, Atlanta, Georgia) as the file management software.
Glossary, signs and symptoms and exposure Questionnaires 4 In two pilot trials outside the study area, a glossary of signs and symptoms was developed from the descriptions of signs and symptoms farmers themselves gave as associated with pesticide use, along with local translations of signs and symptoms described in the public health literature (15, 16) . A questionnaire listing 43 signs and symptoms was developed. Six items were included that are not typically associated with pesticide poisoning to control for nonspecific reporting of symptoms (constipation, cough, runny nose, abraded skin, blisters, muscle stiffness). A reported observed acute sign or symptom was considered to be associated with the spray operation only if it began during or shortly after the spray operation (and, in the instance of insomnia, reported on follow-up the next day).
Each spray operation was observed and recorded on a detailed preprinted report form listing weather conditions, the mechanics of preparing the spray solution, the chemicals and utensils used, the volume of liquid formulations mixed in the field measured directly, the clothing and covering worn, observations of clothing and body contact with the spray solution, the spray procedures and condition of the equipment, food, drink and tobacco consumption, and cleanup. Farmers were also asked the number of spray operations carried out between the previous visit and the current one.
Data analyses
Differences between attack rates of signs and symptoms during nonspray and spray periods were calculated in 2 x 2 analyses, both across all spray operations and by averaging each farmer's experience. The relationships between the exposure variables and the frequency of signs and symptoms were examined in an analysis for linear trends (Mantel-Haenszel, chi square). We examined only those trends that looked promising, using the Statcalc feature of the Epi Info software, in order to minimize the number of comparisons. Modified Bonferroni adjustments were then made (0.05/number of comparisons) to derive P -values accepted for statistical significance (17) . Standard multiple regressions (all variables entered at one step) were performed with PC-SAS (version 6.04). The dependent variable was the attack rate of signs and symptoms whose relative risk in the spray season was greater than 3.0. Predictor variables included in the regression were based on the analyses of linear association between exposure variables and the frequency of signs and symptoms. The active pesticide ingredient used by each farmer was indexed by WHO hazard grades: four points for every IB pesticide ("highly hazardous"), three for II ("moderately hazardous), two for III ("slightly hazardous"), one for 0 ("unlikely to present acute hazard in normal use") (7) . (Captafol, the only IA pesticide used, was not indexed, as it has little acute toxicity aside from allergic dermatitis.) This index, therefore, reflects both the number and relative potency of pesticides used. Transformations of the data for normality changed the coefficients, partial correlations, and probabilities only minimally. Regression analyses were also obtained after each farmer's signs and symptoms, and exposure variables were averaged in order to neutralize the "design effect" of multiple comparisons in the same person.
Household survey and follow-up of respondents
At the close of the field study, all of the respondents were visited at home. Women who were high school graduates were recruited from the local area to observe where pesticides were stored and how, what use was made of pesticides and their containers, and how the farmer's clothing was washed. In addition, each farmer was asked if he had any episode of "pesticide poisoning" -by his own definition -in the previous year. All of the respondents were offered enrollment into IPM field schools.
Results
Exposure
We considered the following four categories of exposure: the frequency and mechanics of the spray operations, the observed contact of the spray solution with the clothing and body, type of clothing wom, and the kinds of chemicals sprayed and their management. Each observed spray operation lasted 3 to 4 h on an average area of about 0.5 ha and consumed, on the average, the contents of f ive 17-1 back-pack tanks (up to 15 in a single spray operation), administered through a spray rod with manual pumping. Table 1 shows the degree of exposure; an average of three spray operations per week, universal mixing of chemicals with bare hands, leaking equipment in over half of spray operations, an average of nearly four pesticides combined in each tank (up to 12) with half in categories IA/IB/II of the WHO hazard grades (table 2) , and considerable wetting of bare skin and clothes with little washdown immediately after. A remarkable feature was the common use of pesticide "cocktails" in which several pesticides were mixed full strength in a container 4 Copies of the questionnaires in English are available from the authors  often a narrow-mouthed bottle  and aliquots then diluted into the tank. No farmer wore industry-recommended protective clothing, and what clothing did cover the skin was mostly permeable cotton.
Observed and reported signs and symptoms
Sixty-nine different signs and symptoms were recorded, 43 from the original glossary and 26 reported additionally with low frequencies. Table 3 demonstrates the frequencies of the 43 signs and symptoms during the observed spray operations compared with their presence in weekly visits to the same respondents in the no-spray season. The respondents averaged nearly four signs and symptoms (range 0-15), with at least one present in 99% of the spray operations. Thirty-seven of the signs and symptoms are typically associated with pesticide overexposure. Twenty-four of these had significantly higher frequencies in spray operations compared with the no-spray season (relative risks ranging from 2 to 48). The only nonspecific sign or symptom (used to control for reporting bias) to show a significant increase was muscle stiffness, a likely result of hauling spray tanks about. In 21% of the spray operations the respondents had three or more signs and symptoms from a panel of 12 neurobehavioral, intestinal, and respiratory items (marked in table 3 with an asterix), a functional criterion used by Keifer (18) for the retrospective diagnosis of organophosphate poisoning in Nicaragua.
The reporting of signs and symptoms was not affected by the duration of the study or the level of farmers' physical activity. In the following nonspray season several months later, the frequencies of signs and symptoms had returned to background levels. Since no standard definition of pesticide poisoning exists for epidemiologic purposes, we established a panel of 19 pesticide associated signs and symptoms (italics in table 3) from those signs and symptoms whose relative risk of attack in the spray season exceeded 3.0, but we exempted flushed face, pallor, and burning nose (potentially nonspecific complaints), queasiness, and sore throat (less frequent than the related complaints of nausea and dry throat). The selection of the panel of 19 preceded the analyses of the relationship of attack rates of signs and symptoms to exposure and was thus not biased by the analyses.
The number of signs and symptoms from this panel averaged two per spray operation. The most serious sign was hand tremor, seen in 18 spray operations (16 different individuals). This subgroup averaged nearly five signs and symptoms per spray operation, significantly more than the rest of the spray operations (t = 6.2, P < 0.001). Averaging each farmer's experience did not remove the significance of the differences between the seasons except for itchy skin and hand tremor. 
Relationship of signs and symptoms to exposure
Matched observations of exposure and signs and symptoms were available for 894 spray operations. They were separated into three groups by the number of signs and symptoms from the panel of 19, approximating first, second and third, and fourth quartiles: none in 218 spray operations (24%), group 1; 1-3 in 481 spray operations (54%), group 2; and 4-10 in 195 spray operations (22%), group 3. There was no significant difference in the mean number of spray operations under observation per group. The mean ages of the three groups were similar. Of the 172 persons represented in group 2, 72 and 80 also appeared in groups 1 and 3, respectively; but only 16 persons appearing in group 1 also appeared in group 3. The tendency of individuals to cluster within each of the three groups was statistically significant in an analysis of variance (F-value = 5.0, P < 0.0001). Nine exposure variables increased significantly from group 1 to group 3, as shown in table 4. The major risk factors were frequency of spraying, six variables indicating excessive wetting of the skin with the solution, and the proportion and overdose of hazardous pesticides. The same exposure variables were significantly related to signs and symptoms when the Keifer panel of 12 were used to divide the spray operations into three groups (0,1-2, ≥ 3 signs and symptoms).
Multiple regression analyses were performed to determine the contribution of exposure variables to the attack rate identified as significant in the trend analyses (table 5) . The model with the highest R 2 incorporated spray frequency, the six variables exposing sprayers to the absorption of pesticides through the skin, the pesticide index, and status as a professional pesticide prayer. The P-values were statistically significant for spray frequency and skin exposure (P < 0.000). Multiple regressions were also done using each farmer's average frequency of signs and symptoms and the average number of exposure variables to eliminate the bias of multiple observations on the same person. Spray frequency and skin exposure were again significant predictor variables.
Spray frequency, use of a greater number of hazardous pesticides, and skin exposure tended to occur together, showing small but significant correlation coefficients. Their interactive effects are further demonstrated in figure 1 . The pesticide index (PI) was combined with the spraying frequency (SF) in the previous week to give a single index (SF/PI) that separated the observations into two groups: 353 spray operations with a low SF/PI score and 541 spray operations with a medium-to-high SF/PI score. With a low aggregate skin-exposure score, an increase in the SF/PI score was not associated with an increase in the frequency of signs and symptoms; as the skin-exposure score increased, however, an increased S F/PI was associated with a greater frequency of signs and symptoms. A dose-effect was seen between the increasing number of organophosphates used per spray operation and neurobehavioral signs and symptoms (including "flushed face"). Three groups -using none, one, and two or more organophosphates -showed a significantly increasing mean number of signs and symptoms: 1.06 (N = 313, SD 1.2), 1.14 (N = 396, SD 1.4), and 1.46 (N = 185, SD 1.4), respectively (F-value = 5.5, P = 0.004). We also considered dosage by examining four subgroups of respondents with extremes of experience: (i) 25 farmers who had never had any signs and symptoms from the panel of 19 (73 spray operations), (ii) 15 persons (44 spray operations) who always had four or more signs and symp toms per spray operation, (iii) 22 professional sprayers (86 spray operations), and (iv) 16 persons with hand tremor (18 spray operations). There was little overlap among these three groups, the maximum being four persons with hand tremor, who also belonged to the group with four or more signs or symptoms per spray operation. The second, third and fourth groups were significantly more exposed in several ways than the first group or the population as a whole was, but particularly in the use of pesticides. WHO hazard grade IB/II pesticides made up only 36% of the pesticides (mostly fenobucarb) used by the first group but comprised 59% of the pesticides used in each of the other groups' pesticides (mostly chlorpyrifos, triazophos, and fenobucarb); the differences were highly significant The first group used twice as much grade 0 thiocarbamates (mainly mancozeb and propineb) as the other groups. In addition farmers in the first group were significantly older than those in the second group, by 10 years (41 versus 31 years, P < 0.05).
Outcomes and home survey
Of all of the respondents, only 24% took any medication, and less than 1% went to a health center with symptoms related to spraying. At least eight respondents required atropine treatment for pesticide poisoning at the local health centers in the course of the study (only one after an observed spray operation), but 9% of the respondents later recalled a serious episode of pesticide poisoning requiring medical attention in the past year. Visits to our respondents' homes showed that 84% stored agricultural chemicals there, 75% within the living on kitchen area and 82% easily within reach of children. Twenty-two percent of the containers were partially or completely unsealed, and 50% were leaking their contents. Over half of the respondents said they used the agricultural pesticides − much more concentrated than those licensed by the Department of Health for home use − for home and garden spraying. In 76% of the households, the wife of children washed the farmer's field clothing, mixed in with family laundry in nearly two-fifths of the households.
Discussion
Our study showed Indonesian farmers to be at considerable risk of acute pesticide poisoning when spraying their crops. Although the range of signs and symptoms would be classified as "mild" (14) -everyone could still walk -21 % of the respondents had three or more neurological, intestinal, or respiratory signs or symptoms per spray operation. If taken as a functional definition of poisoning, this attack rate is much higher than previously documented in Indonesia or elsewhere (1, 4) . Our respondents tended to accept this level of illness as part of the work of farming. Only 9% mentioned being "poisoned by pesticides" over the past year, a level comparable to that of other recall surveys (4). We believe our study documents what is true "normal use" in third-world settings. The study had several limitations. First, all interviewers and some of the respondents were aware of the nature of the study, and thus some of the positive relationship between exposure and illness could have been due to bias in reporting. Bias is unlikely to explain the entire relationship, much less the nuanced relationships, which are both biologically and epidemiologically plausible. Second, we did not measure biological markers in that acetylcholinesterase measurements in the field are subject to substantial problems and errors and several samples, including a base-line measurement, are needed (19) . They do not always correlate with signs and symptoms (12, 16) , and they reflect poisoning with organophosphate pesticides only. Dermatologic patches can also give variable results under field conditions (20) . Certain risks of pesticide toxicity are also unknown, such as the interactive effects of multiple pesticide exposures (21) or the possible potentiation of dermal uptake by volatile solvents in liquid formulations (22) . Studies have also shown large interindividual variation in the amount of pesticide absorbed through the skin (23), complicating epidemiologic analyses of exposure. Finally, because we took a purposive sample, the study cannot represent the national incidence of pesticide poisoning, although what was observed did not seem atypical either in illness or in practice.
The present study did show, by direct observation, those features of exposure associated with an increased risk of poisoning, some of which may be affected by intervention, for example, dermal exposure [especially when spills occur on bare skin and absorptive clothing and when unwashed garments are reused (24, 25) ], the frequency of exposure (26) , the relative potency of the pesticides used (27) , and the simultaneous use of two or more organophosphase and carbamate pesticides. Of interest, and yet unexplained, are the positive correlations between these variables suggesting that some farmers are less cautious and others more cautious in all aspects of spraying.
Intervention or policy recommendations are needed. A common suggestion is training in the "safe use of pesticides" [ie, educate the farmer to wear protective clothing: "Gloves, apron and face shield . . . cotton work clothes, boots . . . are sufficient protective equipment for workers for most pesticides" (28)]. In the tropics, however, adequate protective garb is certain to be too hot and thus unlikely to be used; the resulting perspiration if used can also increase the dermal absorption of pesticides (29) . Even simple long-sleeved and long-legged workclothes can increase dermal absorption by direct contamination and occlusion (30) . The considerable expense to obtain and resupply prtective garb is, in any case, out of reach for most developing-country farmers. Neither would farmers necessarily respond to health education on the hazards of pesticides; focus group discussions with Indonesian farnners indicate that they believe frequent applications of strong pesticides are necessary to kill all insects and to prevent blemishes on cash crops. Sales agents representing large chemical industries, both Indonesian and foreign, reinforce this message regularly. Feeling ill appears to the farmers to be a necessary cost of doing business.
Farmers will, however, respond to the economics of farming. The use of pesticides fell by 62% in Indonesia between 1987 and 1990 as the government subsidy was eliminated (31), accompanied by a 10% increase in rice crop yields. IPM field schools demonstrate the agricultural, economic, and health logic of spraying less often and using fewer, better selected pesticides only when needed. Farmers who went through IPM training on rice crops not only sprayed 63% less often but also reduced their use of the more highly toxic organophosphate pesticides while still achieving the same yields as before (10) . [Data from a follow-rap study (by MK) indicate that the same is true for vegetable crops.] Effective pesticide regulation should be developed at the same time, however, particularly for the more toxic chemicals, through banning, stricter licensing and enforcement, higher prices, and perhaps user fees (32) . Two other findings from our study place the hazard of pesticides beyond simple "safe-use" intervention alone. First, professional sprayers engage in a dangerous occupation in which they have little control over conditions. Since they are paid by the fields they finish, they must spray frequently and hurriedly and must use whatever pesticides their employer chooses. They have yet to be targeted by IPM field schools, neither would they find the time to attend. This group needs attention also from the ministries of labor and health. Second, a household survey indicated a serious danger to family members from the storage and use of agricultural-strength pesticides in the home. Crawling children are at particular risk (26) .
